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Abstract: The influence of pregnancy on bone tissue metabolism is not completely understood. Caffeine also
has a potentially negative influence on bones. The aim of this study was the evaluation of changes in the bones of
pregnant rats under the influence of caffeine. The experiment was carried out on Wistar rats. The evaluation of
rats’ bone tissue quality was performed based on bone density measurements and resistance examinations. It
analyzed the impact of caffeine on the degree of bone tissue mineralization and the composition of the bones.
The mean value of pelvises ‘wet’ and ‘dry’ densities in a group of pregnant rats with caffeine intake was lower
compared to the control group. The deformation in maximal load point of the femur shaft in the experimental
group was significantly higher than in the control group. In the experimental group, the percentage of water in
the bones was significantly higher, while the content of inorganic phase was significantly lower compared to the
control group. The changes of biomechanical parameters in the group of pregnant rats with caffeine intake
indicate its negative influence on the bone. Our results show higher plasticization of the bone shafts of the
animals under the influence of caffeine. Higher deformation of bone shafts may have an effect on the statics of
the skeleton. The administration of caffeine significantly affected the quantitative composition of the bone.
(Folia Histochemica et Cytobiologica 2011; Vol. 49, No. 3, pp. 504–511)
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Introduction
The mechanical properties of bone tissue are determined
by genetic and physiological factors, diet, stimulants and
drugs intake as well as physical exercise. The influence
of pregnancy on bone tissue metabolism is not complete-
ly understood. The developing demand for calcium in
the fetus causes an increase of absorption of this ele-
ment from the mother’s intestines and causes bone tis-
sue turnover to increase. The rise in bone resorption
starts at the beginning of the first trimester of pregnan-
cy, while bone formation markers increase during the
third trimester. During this process, redistribution of 3%
of the bone tissue takes place [1].
Caffeine also has a potentially negative influence
on bone tissue. This methylxanthine is present in many
food products and drugs and is widely used by preg-
nant women. These days, it is impossible to avoid its
intake, and its effect on bone tissue is not fully un-
derstood. Researchers’ opinions on the influence of
caffeine on bone tissue differ.
The way in which caffeine influences the tissues
of the mobility system of pregnant women still awaits
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explanation. There is no literature dealing with the
impact of caffeine intake on the bone tissue of moth-
ers during pregnancy.
The aim of this work was to evaluate changes in
the bone tissue of pregnant rats exposed to caffeine.
Special attention was paid to the evaluation of bio-
mechanical parameters which determine the tensile
resistance of bone.
Material and methods
The experiment was carried out on conventional outbreed
albino CRL:(WI)WUBR Wistar rats obtained from a com-
mercial breeder (Rembertow, Warsaw, Poland). The aver-
age weight of the animals was 250–270 g.
The experiment was performed with the full approval
of the University Animal Research Ethics Committee of the
Medical University of Lublin, Poland.
The animals were acclimatized to the animal room for
at least two weeks and handled several times before mat-
ing. The animals’ room was maintained at approximately
18–25° with a 12-hour light/12-hour dark cycle (light peri-
od: 7 a.m.–7 p.m.). Municipal tap water and standard labo-
ratory pellet rat chow LSM® were provided ad libitum. After
acclimatization, the virgin female rats were caged overnight
with males in a 5:2 ratio. Detection of spermatozoa or
a plug containing sperm and desquamated vaginal epitheli-
um in the morning vaginal smear confirmed copulation. The
day spermatozoa were found in the vaginal smear was des-
ignated as the first day of pregnancy. Animals were ran-
domly assigned to two groups: experimental (E) and con-
trol (C), with eight rats in each group.
Caffeine of 99% purity (caffeine anhydrous powder,
Sigma — Aldrich Chemie GmbH, Germany) was used in
the experiment. The caffeine was administered at 25°C in-
tragastrically at a dose of 30 mg/day to the female from the
experimental group (E), once daily, from the eighth until
the 21st day of pregnancy. Females in the control group (K)
received water of the same temperature and volume as those
given in the experimental group.
Body mass was controlled at three day intervals. On the
21st day of the experiment, each dam was sacrificed by de-
capitation using a specially adapted laboratory guillotine.
Death was caused by interruption of the spinal cord without
interruption of the integument. The femurs and pelvises were
dissected and cleaned of soft tissue. The samples prepared
for biomechanical examinations were stored at –15°C.
The evaluation of rats’ bone tissue quality in experimen-
tal and control groups was performed based on the mea-
surement of bone density and biomechanical tests.
The mean density of bones (d) was evaluated. It was
defined as a mass of the whole bone with epiphyses and
physiological fluids inside to its volume ratio. The bone vol-
ume was defined using the hydrostatic method. Bone ‘dry’
density (ds) is defined after the removal of water from bone
and may indicate the structural changes of the bone [2]. It
was defined as the weight of the bone dried in 105°C tem-
perature for 24 hours to its volume ratio.
The mechanical tests of femurs were performed using
a testing machine (Lloyd, type LRX). Bones aimed at re-
sistance tests were stored at –15°C. Before the tests, fe-
murs were defrosted at room temperature for 12 hours.
Until the implementation of biomechanical tests, the bones
were stored in 0.9% NaCl. Then samples were placed in
a specially constructed holder and exposed to a cross load
with 2 mm/minute speed, which caused the break.
Biomechanical parameters were determined on the
basis of characteristics received in a three point test. The
distance between end supports of the testing apparatus
was 2 cm. Typical course of curve of load [N] applied to
the middle part of bone shaft to head shift dependence is
presented in Figure 1. The value of the force was regis-
tered on the axis of ordinates and the movement of the
head of measuring apparatus on the axis of abscissas.
Based on the resistance characteristics, the maximal load
(Fmax) and deformation (dmax) were determined. Stiffness of
the bone shaft (H) was determined as tangent of slope an-
gle of rectilinear section of resistance characteristic [2, 3].
The strain in the point of the maximal load (Nmax) was
counted from the dependence (1) [3]:
  (1)
where:
L — distance between points of bone shaft support;
r1max — largest radius;
I — area moment of inertia;
 (2)
where:
I — area moment of interia;
r1min — minimum outside radius;
r1max— maximum outside radius;
r2min — minimum inside radius;
r2max — maximum inside radius.
We also analyzed the degree of the force in the border
of elasticity (Fp); the deformation caused by its action (dp)
and tension in bone (Np).
The strain in the border of elasticity was counted from
the dependence (3):
 (3)
Our study also analyzed the impact of caffeine on the
degree of bone tissue mineralization and the composition
of the bones of pregnant rats (water content, organic and
inorganic phases). For this purpose, bone mass with epi-
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physes and contained within the physiological fluids (m1)
was assessed, then the mass of the dry bone (ms). The dry
bone mass was determined after drying the sample of bone
at 105°C for 24 h. For the determination of the organic and
mineral phases, bone samples were ashed in a muffle fur-
nace at a temperature of 630°C for 24 hours, and then in-
cinerated samples were weighed (ma).
The percentage of water (W), the organic phase (O)
and mineral phase (A) in samples were determined accord-
ing to dependence [4]:
(4)
(5)
 (6)
The degree of mineralization of organic matrix (M) was
calculated according to the dependence [4]:
 (7)
The results were given as means and standard devia-
tions. The significance analysis of the differences between
groups was performed using the t-test. Significance between
groups was accepted at a level of p < 0.05.
Results
The mean initial body mass and the body mass at the
end of the experiment did not differ significantly be-
tween the control and experimental group. The mean
body weight gain between both groups of animals is
shown in Figure 2.
The mean ‘wet’ (d) and ‘dry’ (ds) bone densities
in both groups of animals are shown in Table 1. The
significantly higher value of bone ‘wet’ density (p =
= 0.0013) and bone ‘dry’ density (p = 0.0015) were
noticed in the group of pregnant females which re-
ceived water (Group K). The caffeine significantly in-
fluenced the bone density, causing it to decrease.
The biomechanical parameters determined at the
point of maximal load are shown in Table 1. The val-
ue of the force that breaks the femur shaft (Fmax) was
higher in the group of pregnant rats without the caf-
feine intake (K) than in the group with administered
caffeine (E). However, the difference was not signifi-
cant. The bending to the maximal load point of the
femur shaft (dmax) in Group E was marginally higher
than in the control group (p = 0.0587). In the group of
animals with administered caffeine, internal tensions
in femur shafts undergoing deformation until maximal
load point (Nmax) were lower than in the control group
(K), although the differences were not significant.
The conducted examinations showed that caffeine
significantly (p = 0.0073) decreased the hardness (H)
of the pregnant females’ bones, compared to the con-
trol group (Table 1).
Important for the evaluation of mechanical prop-
erties of bones are the parameters determined through
the examination of the range of loads that cause elas-
tic deformation. Mean values of the measured and cal-
culated biomechanical parameters at the onset of elas-
ticity in both groups of animals are shown in Table 1.
There were no significant differences in the value of
the force determined at the border of elasticity (Fp) be-
tween the control and experimental group. Significant
changes were noticed in the range of deformities of the
femur shafts (dp) at the border of elasticity. The value of
Figure 1. Typical load-deformation in the femur shaft bending three point test in the groups of animals; K — control
group; E — pregnant females with caffeine applied
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tension in the femur shaft (Np) calculated at the border
of elasticity in the group subjected to the influence of
caffeine was lower than in the control group K, although
the difference was not statistically significant.
The results of water, organic and inorganic phas-
es content in the bone matrix and the degree of min-
eralization of organic matter in different groups of
animals are presented in Table 1. In the group of fe-
Figure 2. The body mass increase of pregnant rat females with caffeine (E) and water (K) applied in dependence of
pregnancy duration
Table 1. The results in groups of animals
Parameter     K E p
Mean ± SD Mean ± SD
Dm [mg] 123.36 14.85 110.13 22.99 0.1926
d [kg/m3] 1500.29 11.39 1467.22 20.34 0.0013
ds [kg/m
3] 915.94 21.40 861.03 33.04 0.0015
Fmax [N] 97.20 8.95 95.49 7.12 0.67891
d max 0.23 0.01 0.26 0.04 0.0587
Nmax [MPa] 5.05 0.77 4.66 0.46 0.2390
H [N/mm] 262.99 20.31 234.06 16.42 0.0073
Fp [N] 67.57 1.61 68.28 6.42 0.7664
d p 0.049 0.005 0.056 0.005 0.0135
Np [MPa] 4.07 0.64 3.71 0.40 0.1987
l [mm] 34.26 0.51 34.74 0.87 > 0.8
s [mm2] 6.46 0.54 6.04 0.55 0.1456
W (%) 38.91 1.18 41.33 1.64 0.0425
O (%) 20.83 0.16 20.71 0.82 > 0.8
A (%) 40.26 1.12 37.96 1.27 0.0079
M (%) 65.84 0.43 64.69 1.03 0.1382
K — control group; E — pregnant females with caffeine applied; Dm — increase of body mass in dependence of time; d — density of pelvic
bones; ds — ‘dry’ density of pelvic bones; Fmax — maximum load that breaks the femoral shaft; dmax — deformation of femoral shaft to the maximal
load point; Nmax — strain of femoral shaft in the maximal load point; H — stiffness of femoral shaft; Fp — yield load of femoral shaft;
dp — deformation of femoral shaft to the border of elasticity; Np — strain of femoral shaft in the border of elasticity; L — length of femur;
s — cross-section field of femoral shaft cortex in the break zone; W — water content in the bone; O — organic phase content in the bone;
A — mineral phase content in the bone; M — degree of mineralization of the organic matrix of the bone
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males exposed to caffeine, the percentage of water in
the bones was significantly higher compared to the
control group. Average percentage of organic phase
in bone did not differ significantly between groups of
animals. The content of inorganic phase was signifi-
cantly lower in the animals from the experimental
group compared to the control group. Caffeine did
not affect significantly the degree of mineralization
of organic matrix.
Discussion
Density of the bone tissue is one of the basic param-
eters which determine its quality and susceptibility to
fractures. The conducted experiment showed that
caffeine influenced bone density in pregnant rats. The
mean value of the density of the pelvis in the group
of pregnant rats under the influence of caffeine (E)
was 2.20% lower compared to the control group (K).
Similar changes were observed in the ‘dry’ density of
the bones, which was 5.99% lower in the group under
the influence of caffeine than in the control group
(Table 1).
Data concerning the bone density does not exhaust
the full range of information allowing the determina-
tion of the risk of fractures. Mechanical resistance of
bones is more likely to be determined on the basis of
the examination of resistance in isolated and un-
touched bones [5].
Obtained values of biomechanical parameters
determined at the maximal load point showed the
negative influence of caffeine on the bone tissue of
pregnant rats. While it is true that the significant
changes between both groups of rats were not noticed
in the values of force that breaks the femur shaft, the
bones bent 12.55% more before reaching the point
of maximal load in the group with caffeine intake.
Similar character of changes was observed in the
values determined at the maximum stress point
(Table 1). There was a decrease of stress values of
7.72% in the group of pregnant females with caffeine
intake compared to the pregnant control group. Sig-
nificant changes were observed in bone stiffness be-
tween both groups of animals. Bone stiffness of preg-
nant females with caffeine intake was about 11% low-
er compared to the control group (K).
The changes of biomechanical parameters in the
group of pregnant females with caffeine intake indi-
cate its negative influence on the bone tissue of preg-
nant females. Differences in investigated parameters
between the groups were significant.
The mechanical properties of bone, its resistance
and elasticity are determined, among other things, by
its microarchitecture (thickness and location of the
bone trabecules) and geometry, shape, size, and,
above all, thickness of the cortical zone. As a result
of the operation of deforming forces, breaking be-
gins on the external surface of the long bone shaft. In
consequence, the structure which determines resis-
tance to fracture is the cortical zone of the bone. Since
there were no significant differences in the geomet-
ric dimensions of the examined bones (Table 1), so
the observed changes in biomechanical parameters
were probably a consequence of structural changes
in the bone tissue.
Of major importance for the evaluation of me-
chanical properties of bones are the parameters de-
termined in the range of loads causing the elastic de-
formation. Elastic deformations of bones are revers-
ible. This means that they recede as soon as the me-
chanical load is removed. Parameters determined at
the border of elasticity have significant importance
in the determination of the quality of bone tissue,
because during everyday physical activity tensions that
occur in the bone tissue do not reach the border of
elasticity. Beyond this point, bone yields to perma-
nent deformation, which may be the result of multi-
plied microfractures in the bone.
Performed mechanical tests did not show signifi-
cant differences in the values of the load that causes
the deformation of the femur shafts to the border of
elasticity (Table 1). However, the bones of animals
under the influence of caffeine deformed more, and
those changes were statistically significant. Deforma-
tion of the femur shaft to the border of elasticity in
the group of pregnant females which had been re-
ceiving caffeine was 16.66% higher than in the con-
trol group. In addition, the values of the tensions that
reflect the range of elastic deformations of the femur
shafts were lower in the group that received the caf-
feine. However, these changes were not statistically
significant.
According to the data obtained in this experiment,
differences in values of biomechanical parameters
between groups of animals were reflected in the com-
position of the bone. The bones of pregnant rats ex-
posed to caffeine showed 2.42% higher water con-
tent and 2.30% lower mineral phase content com-
pared to the control group. There were no significant
changes in the mineralization of organic matrix.
Obtained results show higher plasticization of the
bone shafts of the animals under the influence of caf-
feine. Higher deformation of bone shafts may have
an effect on the statics of the skeleton.
It should be stressed that in the conducted exper-
iment high doses of caffeine were used i.e. 30 mg per
300 g of body mass (this corresponds to 100 mg/kg
b.m). The median lethal dose (LD50) of caffeine
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administered orally to rats is 192 mg/kg b.m. The max-
imum dose of the caffeine administered orally to hu-
mans is 1.5 g, while the lethal dose is 10–12 grams of
caffeine, which corresponds to 150 mg/kg b.m. In
fact, in the literature there are reports of lethal in-
toxication after ingestion of 500 mg of this methylx-
anthine. On the other hand, there are also descrip-
tions of survival of a patient who received a caffeine
intake of 24 g [6, 7].
To the best of our knowledge, there have been no
reports in the world literature about the influence of
caffeine on the bone tissue of pregnant females. There
are only studies investigating the influence of caffeine
on the bone tissue of females, especially in the peri-
menopause period.
There are attempts to understand the molecular
mechanism of caffeine influence on bones. 1,25-Di-
hydroxyvitamin D3 (1,25(OH)2D3) performs a fun-
damental role in the regulation of bone metabolism.
A receptor for this vitamin (VDR, Vitamin D Recep-
tor) occurs in osteoblast cells. This means that a high
caffeine dose may influence VDR expression stimu-
lated by vitamin 1,25(OH)2D3 and controlled by vita-
min 1,25(OH)2D3 activity of human osteoblast cells
by reducing alkaline phosphatase activity [8].
The impact of caffeine on bone tissue is related to
calcium metabolism. Caffeine slightly impairs calci-
um absorption from intestines; however it has no ef-
fect on calcium excretion with urine. Still its intake
causes a decrease of bone mass and an increase of
bone fracture risk. Caffeine has no destructive influ-
ence on the bone tissue of people with sufficient cal-
cium intake [9]. It has been proved that a high caf-
feine intake (> 450 mg/day) by women in the peri-
menopausal period causes increased loss of mineral
density in bones; however this is only in cases of low
calcium intake (below 800 mg/day). The study [10]
stated that caffeine caused increased calcium excre-
tion with urine, but there was no relation to mineral
density of the bone tissue.
Some authors [10–13] did not observe a relation
between caffeine intake and bone tissue loss in wom-
en after menopause. Reid et al. [14] claimed that
the most important factors that influence bone tis-
sue loss in women after menopause are: peak bone
mass, quantity of fat and calcium excretion in kid-
neys. The amount of caffeine intake has no influ-
ence on bone tissue.
Other researchers [15] investigated the influence
of caffeine taken in doses of 100 mg/d on the bone
tissue of young women. They measured BMD (Bone
Mineral Density) of the lumbar vertebral column and
the femoral neck in women aged between 19 and 26.
BMD decreases of about 0.0069 g/cm2 in the femoral
neck and about 0.0119 g/cm2 in the lumbar vertebral
column were observed.
A caffeine intake over a period of six years at a dose
of 400 mg/d by women aged 50–59 was connected to
an elevated risk of fractures after menopause [16].
Women aged 40–49 who drank more than nine cups
of coffee per day with a small intake of calcium had
a higher risk of fractures. Caffeine was a risk factor
for osteoporotic fracture development [17].
High doses (more than 300 mg/d) of methylxan-
thine caused a drop in BMD in the trochanter and
the femoral neck and in the lumbar spine among eld-
erly women (aged 65–77). The level of serum osteo-
calcin was increased. A particular genetic variant of
VDR had an influence on bone tissue [18].
Other authors [19] showed the positive influence
of oral contraceptives on bone tissue of women aged
20–29 with 90 mg/d caffeine intake. This protective
effect was most likely caused by the reduction of the
most active metabolite of caffeine — paraxanthine in
the kidneys.
One study [10] showed that caffeine taken in
< 25 mg/d, 25–50 mg/d and > 50 mg/d doses by 12–
–18 year-old girls did not cause changes in mineral
bone density. The values of BMD and BMC (Bone
Mineral Content) did not differ between groups of
girls with and without caffeine intake.
Caffeine administered to ovariectomized rats on
the 90th day of their life at a dose of 20 mg/kg caused
a significant decrease of biomechanical parameters
of femurs such as maximal load, load to elasticity limit,
maximal stress, and deformation to maximal load-
point. Elasticity module did not change [20].
It has been proved that caffeine applied at a dose
of 40 mg/kg to young rat females after ovariectomy
on the 32nd day of life caused mineral loss in the bones
and weakening of mechanical properties such as max-
imal load to the border of elasticity [21].
One study [22] confirmed the negative influence
of caffeine on osteoblast cells of rats. It was proved
that caffeine caused changes in their vitality and in-
creased their apoptosis rate.
Pregnancy itself may have a negative influence on
bone tissue. Some authors [23–25] have observed sig-
nificant changes in the bones, especially in the areas
rich in the trabecular bone, in pregnant females. Re-
searchers measured BMD by using dual-energy
X-ray absorptiometry (DEXA).
Kaur et al. [23] measured BMD in 46 women be-
fore conception and then immediately after deliv-
ery. They found that during pregnancy there was
a significant decrease in BMD by 4.2% at the tro-
chanter. In other areas of the skeleton, the losses
were about 1%.
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Ulrich et al. [24] examined BMD before concep-
tion and two weeks after parturition in 15 women.
They showed a significant decrease in BMD by 3.4 ±
± 4.1% in the lumbar spine (3.4%) and by 4.3 ± 3.9%
in the trochanter, while it was noticed that there oc-
curred a significant increase in BMD at the proximal
third of the forearm (1.3 ± 1.9%). In addition, the
authors observed a significant increase in bone re-
sorption markers (N-terminal crosslinked telopeptide
of the alpha chain of type I collagen, C-terminal cross-
linked telopeptide of the alpha chain of collagen type I)
and a reduction of alkaline phosphatase (first trimes-
ter) and osteocalcin (second trimester).
The negative influence of pregnancy on bone tis-
sue was also shown by Namgung and Tsuang [25].
They concluded that in the first trimester bone re-
sorption markers increase, while bone formation
markers increase in the last trimester. Postpartum
BMD was reduced by 3.5% within the spine region.
The influence of pregnancy on the bone tissue has
also been confirmed by experimental studies [26]. The
study consisted in the measurement of biomechani-
cal markers of bone turnover and BMD of femur and
tibia in rats during pregnancy and lactation periods.
The beginning of pregnancy was associated with a sig-
nificant increase in serum total alkaline phosphatase
and osteocalcin levels, but serum calcium, urine cal-
cium/creatinine ratio or the BMD of long bones were
not significantly different from that at the proestrus
stage of the estrous cycle. A significant decrease in
the BMD of the femur was observed on days 5 and 21
of lactation compared to that during pregnancy or
the estrous cycle.
Vajda et al. [27] compared changes in cortical and
cancellous bone mass, structure, and dynamics with
mechanical properties during and after the first re-
productive cycle in rats. Measurements were taken
in the femoral cortical bone and lumbar vertebral
body cancellous bone. The authors concluded that at
the end of pregnancy, there was an increase in corti-
cal periosteal bone formation and an increase in cor-
tical volume. In cancellous bone, they found suppres-
sion of turnover, although the mechanical properties
of cortical and cancellous bone did not change after
pregnancy.
Honda et al. [28] analyzed changes in the struc-
ture and metabolism of trabecular bone and marrow
adipocytes in rats during pregnancy and postpartum
by assessing BMD and bone and fat histomorphomet-
rically. They concluded that a significant decrease
occurred in the trabecular bone at the end of preg-
nancy and during lactation. A significant reduction
in the percentage of volume and number of adipo-
cytes occurred during postpartum, and showed a neg-
ative correlation with the osteoid volume values.
Conclusions
The results of bone density and biomechanical pa-
rameters measurement obtained in this study shows
that caffeine intake during pregnancy has a negative
influence on the bone tissue of rat females. It caused
their weakening under mechanical loads. The ob-
tained results suggest that caffeine intake during preg-
nancy causes bone tissue loss.
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